Background The purpose of this study is to test whether the predictive power of an individual's self-rated health (SRH) on subsequent mortality risk differs by socioeconomic status (SES) in the United States.
Introduction
Self-rated health (SRH) is a commonly used outcome measure in research on socioeconomic inequalities in health. Most SRH assessments ask respondents to rate their current health on a five-point scale ranging from poor to excellent. Its popularity lies in its simplicity and strong predictive power of future morbidity and mortality, even controlling for current measures of health such as chronic conditions and functional limitations. [1] [2] [3] Though the evaluation process that individuals use to assess their health is still poorly understood, this global health rating appears to be more inclusive than current physical status, encompassing assessments of health behaviours, psychological well-being, trajectories in health over time and social well-being. 4, 5 With the widespread use of SRH to measure the magnitude of socioeconomic inequalities in health and test potential pathways responsible for these inequalities, it is crucial to know whether SRH corresponds to 'true' health status in the same way for different socioeconomic groups. Many studies employing SRH as an outcome in the health inequalities literature justify its use based on SRH's ability to predict future mortality in the population as a whole. [6] [7] [8] If the association between SRH and objective health measures such as mortality differs significantly across comparison groups, whether due to heterogeneous reporting standards across groups or differences in the content of the health evaluation, it would call into question the validity of SRH as an outcome for analysis of health inequalities. To our knowledge, no study has tested whether the relationship between the traditional five-point SRH scale and mortality varies by education or income among US adults.
It is important to emphasize that differences across socioeconomic status (SES) in how individuals evaluate their health may affect not only the measurement of health inequalities, but also attempts to understand the causes of those inequalities. If subgroups report different levels of health for a given level of 'true' health, empirical tests of pathways such as health behaviours will always fail to explain the portion of health inequalities due to these reporting differences, no matter how well the mechanism may explain group differences in 'true' health. This has the potential to lead researchers to the wrong conclusions about what mechanisms are or are not important in explaining health inequalities.
Theoretically, there is reason to think that SRH evaluations may differ by social and cultural context. Individuals may understand and use the ordinal response scales in systematically different ways such as the propensity to use extreme categories, or general optimism and pessimism. If one group has consistently stricter standards for what is considered 'excellent' health for instance, they will report systematically worse health than other groups. This type of uniform shift in the thresholds used to define response categories is referred to as an 'index shift', while any change in the relative positions of reporting thresholds such as distances between categories, is referred to as a 'cut-point shift'. 9 This problem has been referred to as 'state-dependent reporting bias', 10 'response category differential item functioning' 11, 12 and 'reporting heterogeneity'. 13 Figure 1 illustrates a hypothetical example of reporting heterogeneity with respect to the five-point selfreported health scale by SES. Thresholds for reporting each health category for the high SES group are shifted to the left, and the relative positions of the thresholds also differ by SES group, an example of a 'cut-point shift'. Empirically, problems in the comparability of SRH scales have been found across countries, with growing evidence that identical health status translates into different self-assessed thresholds in different countries. [14] [15] [16] [17] Evidence of reporting heterogeneity for subjective health measures across SES groups within countries has been found in the UK, France, Canada, Israel and the US using a variety of benchmarks for 'objective' health. 9, 13, [18] [19] [20] [21] With respect to mortality, a number of recent studies have found significant race/ethnic and gender differences in the predictive effect of SRH in the US. [22] [23] [24] [25] For instance, SRH is a weaker predictor of mortality for less-acculturated Hispanic adults, which some have suggested is due to a tendency to put a greater weight on non-life-threatening issues such as emotional and mental well-being in their health assessment, 22 though language and cultural differences in response styles are DOES THE PREDICTIVE POWER OF SRH FOR SUBSEQUENT MORTALITY RISK VARY also plausible. SRH has also been shown to be a stronger predictor of mortality for men than for women, although some studies found no significant difference or even a stronger effect for women compared with men. 2, 24, [26] [27] [28] [29] [30] Fewer studies have examined socioeconomic differentials in the health evaluation process by comparing the effect of SRH on mortality across different levels of SES, and all of these studies involve European countries. Using the Swedish Survey of Living Studies, Burstrom and Fredlund found that the relative relationship between SRH and mortality is stronger for those in higher occupational classes. However, they report that the absolute mortality risk differences for people reporting poor versus good health were similar across occupational class. 31 Doorslaer and Gerdtham, using the same Swedish data, found that the effect of SRH on mortality risk does not vary by income or education. 32 Using the German Socio-Economic Panel (SOEP), Jürges found a significant interaction effect of SRH and income on mortality for women but not for men, with poor health being a weaker predictor of mortality for higher income women. 33 A recent study by Huisman et al. from the Netherlands found that the predictive ability of SRH for mortality was greater for men in the highest educational groups compared to the lowest, with no differences for women. 34 The current international evidence on this issue is decidedly mixed. The presence, absence and magnitude of reporting heterogeneity by SES is likely to vary across countries. To our knowledge, only one study has examined differential effects of SRH on mortality by SES in the US, using a different measure of self-rated health. Using the 1987 National Medical Expenditure Survey, Franks, Gold and Fiscella found that subscales ranging from 0 to 100 measuring health perceptions, physical function, role function and mental health are more predictive of mortality for individuals with a higher educational attainment. 30 The current article tests whether SRH measured on the traditional five-point scale differs in predicting future mortality risk by education and income groups in the U.S.
Methods

Study population
The analyses are based on the National Health Interview Survey linked to Multiple Cause of Death (NHIS-MCD) dataset. The NHIS is an annual cross-sectional survey of households that produces a sample representative of the US civilian noninstitutionalized population ages 0-99 for the purpose of tracking long-term trends in disease and disability prevalence in the US. Respondents 18 years and older who were interviewed from 1986 to 1994 were linked to data in the National Death Index (NDI) for years 1986-97. The NHIS and NDI are linked using a probabilistic matching algorithm based on 12 criteria to determine the vital status of all eligible NHIS participants. It is estimated that the matching methods correctly identify 99% of all living NHIS respondents and over 97% of those who died. 35 We limit our analysis to adults 25 and older because a high proportion of younger adults have not completed their education. We also limit our analysis to non-Hispanic Whites and non-Hispanic Blacks and non-proxy Education is measured as the highest completed year of schooling. We recode this measure into three categories: less than high school, high school completion and more than high school. Household income is reported in 26 categories in the NHIS. We code income as the midpoint of each category (using $65 000 for the incomes above $50 000), adjust for inflation using the consumer price index to 1986 dollars, and then divide into quartiles. Models using completed years of education and household income as continuous variables yielded results similar to those presented here (available from the authors).
Controls for existing health conditions include major activity limitations (0 ¼ no limitation, 1 ¼ limited), number of bed days in the past year (0 ¼ no bed days, 1 5 0 bed days), restricted activity in the past 14 days (1 ¼ restricted or 0 ¼ not restricted), and BMI from self-reported height and weight (<18, 18-24.9, 25-30, 430). Other covariates include age, sex, race (nonHispanic Black and non-Hispanic White), census region of residence, marital status and household size.
Statistical analysis
We use Cox proportional hazards models to estimate the effect of SRH, education, income and their interactions on the hazard of dying during the follow-up period. Time to death is measured in years. Proportionality for all predictors was examined using log-minus-log survival plots. The plots showed no severe departures from proportionality, with a slight tendency toward converging hazards for education, income, SRH and sex and a slight divergence with time for race. All analyses employ weights provided by the NCHS and correct for complex survey design using SAS-callable SUDAAN Version 9.0 (Research Triangle Institute, USA).
Results
15.7% of respondents reported fair or poor health at the interview, and 10.2% of the sample died during follow-up (Table 1) . For all-cause and cause-specific mortality, poor/fair health is a stronger predictor of subsequent mortality for adults with more education ( Table 2 ). The relative risk of allcause mortality for those reporting poor/fair health versus excellent/very good/good health is 2.82 (95% CI: 2.67, 2.98) for those in the highest educational category, 2.26 (95% CI: 2.16, 2.37) for those in the middle education category, and 1.79 (95% CI: 1.73, 1.86) for those in the lowest education category. While controlling for activity limitations and BMI lowers the overall effect of SRH on mortality somewhat (Table 2 , Model 2), the pattern of effects by education is similar. Analysis by cause of death confirms that these results are not driven by the differential distribution of cause of death by SES.
A similar pattern is evident by income ( 
We conducted additional analyses to ascertain the robustness of our findings. The length of follow-up does not appear to play a large role in the findings. We estimated models that restricted the time to follow-up to 0-4 years and found little difference from the follow-up of up to 11 years. Models stratified by race, sex and age all show the same substantive and significant differences whereby poor health for high-SES individuals is more strongly predictive of mortality than for lower-SES groups. The differences across SES appear somewhat stronger for men than for women, and somewhat stronger for Whites, compared with Black adults. The patterns across age are inconsistent: income appears to have a stronger effect on the SRH coefficients at higher ages, while education has a stronger effect at younger ages (results available upon request).
Discussion
Because of the widespread use of SRH in public health and social science research, especially in discussions of socioeconomic disparities in health, it is important to fully understand how much of the SES differences in SRH are attributable to 'true' health differences and how much are due to differences in how individuals report their health according to their own norms and expectations. This article takes one approach to testing whether SRH corresponds differently to objective health by SES by examining SES differentials in the way SRH predicts mortality. We find large differences in the predictive power of SRH by education and income, with lower health ratings showing a stronger association with mortality risk for individuals with more education and/or higher income. The results are consistent across different causes of death and with controls for some objective health measures. These findings are in contrast to results from Sweden which found no significant interactions with education, income and trichotomized selfreported health with respect to follow-up mortality, 32 but consistent with recent work from The Netherlands showing a significant interaction in men for the highest versus lowest educational group. 34 The extent to which SES groups differ in their use of categorical health scales may vary from country to country. The distribution across categories may not add up to 100% due to missing cases in some variables. a The reference category includes individuals reporting good/very good/excellent health in the same income category. All models control for age (centered around 50), gender, race, marital status, household size and region of residence. Model 2 also adjusts for activity limitations, bed days, restricted activity and BMI. All coefficients presented in the table have P-value < 0.001.
DOES THE PREDICTIVE POWER OF SRH FOR SUBSEQUENT MORTALITY RISK VARY
As in the Dutch study, 34 our results hold when looking at absolute differences in mortality rates by SRH across SES groups. Comparing absolute differences in age-and sexadjusted mortality rates between those with poor/fair health versus those with good, very good or excellent health across income and education groups, we found larger absolute differences in mortality for those in the higher education and higher income groups (17% and 25% differences, respectively). Our results are consistent with previous work in the US using the 1987 National Medical Expenditure Survey which found that subscales ranging from 0 to 100 measuring health perceptions, physical function, role function and mental health were more predictive of mortality for individuals with a higher educational attainment. 30 Our findings are also consistent with results from NHANES III in the US indicating that higher income people may have more lenient standards for their health, reporting physical difficulties or inabilities only when they reach a more severe level of tested limitation. 21, 36 In our analysis, this type of 'index shift' would correspond to the fact that a person with more education or higher income would have to be in worse health, as measured by mortality risk, in order to rate themselves in a lower SRH category compared with someone with less education or less income. ref.
ref.
* *** *** ** *** *** ** *** Figure 3 The effect of SRH on risk of mortality, by income group. Excellent health is the reference category for each group. Cox proportional hazard models, National Health Interview Survey and Mortality Follow-up, 1986-97. *P < 0.05 **P < 0.01 ***P < 0.001. The P-values estimate the difference between the effect of a given SRH level on mortality in the highest income category compared with the lower income categories ref.
*** *** *** ** *** * *** Figure 2 The effect of SRH on risk of mortality, by education group. Excellent health is the reference category for each group. Cox proportional hazard models, National Health Interview Survey and Mortality Follow-up, 1986-97. *P < 0.05 **P < 0.01 ***P < 0.001. The P-values reflect the difference between the effect of a given SRH level on mortality in the highest education category compared with the lower education categories An important limitation of this study is the fact that mortality is not the only way to measure objective health status, and our analysis cannot distinguish whether SRH is less predictive of mortality for lower SES individuals because of heterogeneous reporting standards or because the health evaluation process of lower SES individuals incorporates more non-fatal ailments such as chronic pain or poor mental health. Nonetheless, mortality is arguably the most objectively measured physical health outcome available, and the large literature on the predictive power of SRH for mortality 1 is often cited as the primary justification for its use as a summary health measure in a broad range of research. Thus the finding that SRH does not predict mortality as well at lower levels of SES has important implications for research on health inequalities that has assumed the magnitude of SES inequalities in SRH corresponds well to SES inequalities in mortality. One interpretation of our findings is that individuals with higher education and higher income may have more health knowledge and/or contact with health services, making them more accurate predictors of their own mortality risk via SRH ratings. If this is the case, it does not necessarily reflect reporting bias in the use of the scale, but rather differential measurement error across groups. This would support the notion that a single measure of SRH does not correspond to 'objective' health as well for lower SES individuals.
Another possible interpretation of our findings is that for the same 'objective' level of morbidity, lower SES individuals are more pessimistic in their health ratings because they have fewer material and social resources with which to deal with their conditions, leading to a higher level of suffering at the same mortality risk. If this is true, it would imply that even if poor health ratings do not correspond to the same mortality risk for low SES individuals, they may correspond to the same level of subjective 'suffering', and it remains an open question by what metric we wish to measure health inequalities. This scenario is difficult to exclude under any test of 'true' versus reporting differences, but our analysis implicitly assumes that there is a 'true' and measurable objective health status, for which mortality risk is a good proxy.
While we did not examine specific chronic conditions in this study because of the design of the NHIS prior to 1997, we hope to shed light on some of these questions in future work with new data by testing whether different distributions of chronic conditions and comorbidities can explain SES differentials in SRH by testing whether individuals with the same profile of physical and psychological conditions but different SES report similar health status. This technique has recently been used to try to differentiate 'true' versus reporting differences in SRH by gender and across different European countries. 16, 37 The differences by SES found here are sizeable enough to be of concern in the estimation of health inequalities using SRH in the US and for efforts to test mechanisms responsible for inequalities using this measure. Future work should build on these findings to estimate the size of potential biases in studies of health inequalities that employ SRH as an outcome, helping to inform researchers as to whether suitable corrections can be made, or whether this commonly used measure is ultimately too misleading to be used in the study of health inequalities. Murray et al. outline several strategies for fixing levels of unobserved latent health variables in order to isolate the source of variation in assessments across populations. 38 One approach is to use anchoring vignettes, where respondents rate the health of fictitious individuals with given health conditions or disabilities and the evaluations of these fictitious individuals are used to estimate reporting thresholds (or cut-points) which may depend on individual characteristics, and then used to adjust the rating of the respondent's own health. 11, 39 While these techniques were developed with cross-country comparisons in mind, they could be equally important in ensuring comparability of subjective measures across groups within countries.
In conclusion, we find evidence that the predictive power of SRH for mortality differs by education and income in the US, suggesting either differential reporting standards by SES, or health evaluations that include more non-fatal risk factors or mental health components for low SES groups. These results suggest caution in using SRH to quantify and explain health inequalities by education and income in the US, and also suggest urgency in implementing new techniques to ensure comparability of subjective health measures so often utilized in social science and public health research.
